Abstract. The set-up 'energy plus transmutation', consisting of a thick lead target and a natural uranium blanket, was irradiated by relativistic proton beams with the energy from 0.7 GeV up to 2 GeV. Neutron field was measured in different places of this setup using different activation detectors. The possibilities of using the obtained data for benchmark studies are analyzed in this paper. Uncertainties of experimental data are shown and discussed. The experimental data are compared with results of simulation with MCNPX code.
Introduction
There is great motivation towards improving the precision of predictions of codes used to simulate production of neutrons during spallation reactions and transport of high-and low-energy neutrons in materials. More realistic codes will help to design future accelerator driven systems (ADS). The international collaboration named as 'energy plus transmutation' [1,2] studies neutron production and transport inside a thick, lead target surrounded by sub-critical uranium blanket during the proton irradiation (figure 1a). The neutron field is measured using different mono-isotopic foils as activation radiochemical sensors. The acquired experimental data are used for testing the predictions of computer codes such as MCNPX [3] or DCM [4] . 
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Experimental set-up
The 'energy plus transmutation' set-up was designed for transmutation studies in high-energy neutron fluxes. It consists of a cylindrical lead target (diameter 84 mm, length 480 mm) surrounded by a sub-critical uranium blanket. The target and blanket are divided into four parts. Between each section there is 0.8 cm gap for the detectors (see figure 1b) . Each of these sections contains 30 identical natural uranium rods wrapped in aluminum. Each rod has diameter 36 mm, length 104 mm, and weight 1.72 kg. The blanket and target are fixed by iron and aluminum holders. The set-up is mounted on a wooden plate and placed inside a radiation shielding made of thin cadmium plates and polyethylene (see figure 1a) . For detailed description, see refs [1, 2] .
The polyethylene layer moderates neutrons coming from the set-up. Afterwards, thermal neutrons are absorbed in cadmium. Hence, the scattering of high-energy neutrons back to the set-up should be strongly reduced. The homogenous field of epithermal and resonance neutrons should be produced inside the shielding box (see figure 2) .
To measure the neutron field in the set-up, neutron activation detectors are used [5] . Radiochemical sensors are made of aluminum, gold, bismuth, yttrium, and other samples. The elements that are naturally mono-isotopic are chosen. Various nuclear reactions, (n, γ), (n, xn), (n, α), and others occur in our samples and produce many radioisotopes. Their abundance is determined from the characteristic gamma spectrum they emit during the decay. Neutron capture is the dominant reaction for thermal, epithermal, and resonance neutrons. Cross-sections are very large (hundreds and thousands of barns) and the neutron absorption should be taken into account during the analysis. Other reactions have energy thresholds in the range of MeV. Cross-sections are smaller (mbarns-barns) and neutron absorption is negligible in this case. Standard location of the minimal set of the activation detectors is shown in figure 1b. 
Experimental data and main source of their uncertainties
Irradiations of the experimental set-up (usually last for a few hours) are carried out in the Laboratory of High Energies at JINR Dubna (Russia) with the GeV proton beam extracted from the accelerator Nuclotron. Four different beam energies (0.7,
